Post- versus pre-resonance characteristics of axially excited chiral
  sculptured thin films by Moyer, Akhlesh Lakhtakia. Jason T.
ar
X
iv
:1
91
1.
06
98
4v
1 
 [p
hy
sic
s.o
pti
cs
]  
16
 N
ov
 20
19
Post– versus pre–resonance characteristics of axially excited chiral sculptured
thin films
Akhlesh Lakhtakia1 and Jason T. Moyer
CATMAS — Computational & Theoretical Materials Sciences Group
Department of Engineering Science & Mechanics
Pennsylvania State University, University Park, PA 16802–6812, USA
Abstract. Axially excited chiral sculptured thin films (STFs) are shown to exhibit the cir-
cular Bragg phenomenon in the pre–resonant (long–wavelength) regime but not in some parts
of the post–resonant (short–wavelength) regime. Chiral STFs act as very good polarization–
independent reflectors in the vicinity of material resonances in the latter regime.
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1 Introduction
The chief optical signature of a chiral sculptured thin film (STF) is the circular Bragg phe-
nomenon it displays on axial excitation [1, 2]. A chiral STF is modeled as a unidirectionally
nonhomogeneous dielectric continuum with a permittivity dyadic that varies periodically along,
say, the z axis in a helicoidal fashion. Let a circularly polarized plane wave with free–space
wavelength λ0 axially excite a chiral STF of finite thickness. Provided that the film thickness is
sufficiently large and λ0 lies within the so–called Bragg regime, the reflectance is much higher if
the handedness of the incident plane wave matches its structural handedness than if otherwise.
Indeed, light of one circular polarization — coincident with the structural handedness of the
chiral STF — effectively encounters a grating in the Bragg regime, while light of the opposite
circular polarization state does not [3, 4]. The described phenomenon has been theoretically
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established for chiral STF half–spaces as well [5, 6].
Explicit in the theoretical research [1, 7], and implicit in the experimental research [8, 9, 10],
on STFs thus far is the supposition that the real parts of all cartesian components of the
permittivity dyadic of a chiral STF are positive real. Viewed through the lens of the Lorentz
one–resonance model [11], consideration has been essentially restricted to the pre–resonant (or
the long–wavelength) regime. The response of a chiral STF in the post–resonant (or the short–
wavelength) regime is simply unknown, which lacuna motivated the work presented here.
Accordingly, in this communication, we present the reflection characteristics of an axially
excited chiral STF half–space, and compare the pre– and the post–resonant signatures. A note
on notation: Vectors are underlined, dyadics are double-underlined; while an exp(−iωt) time-
dependence is implicit, with ω as the angular frequency.
2 Theoretical Preliminaries
The dielectric properties of the chiral STF are delineated by the nonhomogeneous permittivity
dyadic [1]
ǫ(r) = ǫ0 Sz(z, h)
• S
y
(χ) • ǫo
ref
• S−1
y
(χ) • S−1
z
(z, h) ; z ≥ 0 , (1)
where
ǫo
ref
= ǫa uzuz + ǫb uxux + ǫc uyuy . (2)
Here and hereafter, ǫ0 and µ0 are the permittivity and the permeability of free space (i.e.,
vacuum), respectively; k0 = 2π/λ0 = ω
√
µ0ǫ0 is the wavelength in free space; ux, uy and uz
denote the unit cartesian vectors; while ǫa,b,c are complex–valued functions of ω. The rotation
dyadic
S
z
(z, h) = uzuz +
(
uxux + uyuy
)
cos
πz
Ω
+ h
(
uyux − uxuy
)
sin
πz
Ω
(3)
captures the helicoidal periodicity of the STF, with 2Ω being the structural period. The integer
h = 1 for a structurally right–handed chiral STF; and h = −1 for structural left–handedness.
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The tilt dyadic
S
y
(χ) = uyuy + (uxux + uzuz) cosχ+ (uzux − uxuz) sinχ (4)
represents the locally aciculate microstructure of the chiral STF. In the present context, the
most interesting properties of axially excited chiral STFs depend on Ω, ǫc and
ǫ˜d = ǫaǫb/(ǫa cos
2 χ+ ǫb sin
2 χ) . (5)
Suppose an arbitrarily polarized plane wave is normally incident on the chiral STF half–space
from the lower half–space z ≤ 0, which is vacuous. As a result, a plane wave is reflected into
the lower half–space. The electric field phasor associated with the two plane waves in the lower
half–space is stated as
E(z) = (aL u+ + aR u−) exp (ik0z)
+ (rL u− + rR u+) exp (−ik0z) ; z ≤ 0 , (6)
and the corresponding magnetic field phasor is then easily determined from the Faraday equation.
Here, the complex unit vectors u± = (ux ± iuy)/
√
2; aL and aR are the known amplitudes of
the left– and the right–circularly polarized components of the incident plane wave; and rL and
rR are the unknown amplitudes of the reflected planewave components.
Our attention is focussed in this communication on the reflection coefficients entering the 2×2
matrix in the following relation:


rL
rR

 =


rLL rLR
rRL rRR




aL
aR

 . (7)
These coefficients are doubly subscripted: those with both subscripts identical refer to co–
polarized, while those with two different subscripts denote cross–polarized, reflection. These
coefficients can be calculated by following the procedure recorded elsewhere [5, 6].
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3 Numerical Results and Conclusions
Figure 1 shows plots of the reflectances RLL = |rLL|2, etc. as functions of the parameter Ω/λ0
when h = 1, ǫc = 3(1 + 0.01i) and ǫ˜d = 3.3(1 + 0.02i). These plots hold for the pre–resonant
case, because Re [ǫc] > 0 and Re [ǫ˜d] > 0. As predicted, the circular Bragg phenomenon is
in evidence as the peak in the plot of RRR at Ω/λ0 ≈ 0.284. In contrast, RLL ≃ 0 for all
values of Ω/λ0 ∈ [0.1, 0.5]. The cross–polarized reflectances are quite small and also virtually
indistinguishable from each other.
In the very short–wavelength portion of the post–resonant regime, Re [ǫc] > 0 and Re [ǫ˜d] > 0
as well. The circular Bragg phenomenon will be exhibited in that portion of the electromagnetic
spectrum, just as in the pre–resonant regime, provided that continuum electromagnetic theory
remains valid.
However, closer to the material resonances, Re [ǫc] < 0 and Re [ǫ˜d] < 0 in the post–resonant
regime. Figure 2 shows plots of the same reflectances as in Figure 1, except that ǫc = 3(−1 +
0.01i) and ǫ˜d = 3.3(−1 + 0.02i). The absence of the circular Bragg phenomenon is conspic-
uous. Indeed, while both co–polarized reflectances are almost negligible, both cross–polarized
reflectances are extremely high. These plots indicate that a post–resonant chiral STF will reflect
very well in the vicinity of the material resonances, in the same way that metals do.
The inescapable conclusion is that the circular Bragg phenomenon can be exhibited in the
pre–resonance regime but not throughout the post–resonant regime. Thus, soft ultra–violet
reflectance spectrums of chiral STFs are unlikely to be interesting for circular–polarization–
sensitive reflection applications. Our results also suggest the futility of transmission measure-
ments for characterizing chiral STFs in the long–wavelength portion of the post–resonant regime.
Because of mathematical isomorphism, similar conclusions should hold — other factors aside —
for chiral liquid crystals too [12]. Furthermore, as materials with negative real permittivity in the
microwave regime have now become artificially possible [13, 14, 15], our conclusions should also
apply for synthetic laminar cholesteric materials for duty in that portion of the electromagnetic
spectrum.
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Figure 1: Computed values of the reflectances as functions of Ω/λ0, when h = 1, ǫc = 3(1+0.01i)
and ǫ˜d = 3.3(1 + 0.02i). Note that RRL ≃ RLR, as pointed out elsewhere [6]; while RLL ≃ 0
cannot be discerned at the scale of the graph.
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Figure 2: Computed values of the cross–polarized reflectances as functions of Ω/λ0, when h = 1,
ǫc = 3(−1+0.01i) and ǫ˜d = 3.3(−1+0.02i). Note that RRL ≃ RLR; while RRR ≃ 0 and RLL ≃ 0
cannot be discerned at the scale of the graph and are therefore not shown.
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